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ABSTRACT Ground beetles often prey on crop pests, and their relative abundance and assemblages
vary among cropping systems and pest management practices. We used pitfall traps arranged in
transects to study ground beetle assemblages in a large Þeld-scale Bt cornÐsoybean cropping system
for 3 yr. The transgenic corn expressed the Cry1Ab protein targeting lepidopteran pests. Three of the
57 ground beetle species collected accounted for 81% of all individuals captured. Six other species
accounted for an additional 14% of all beetles captured. Ground beetles were captured equally in
cornÞelds and soybean Þelds. They also were captured most frequently at Þeld edges, but many were
captured within Þeld centers. Canonical correspondence analysis was used to arrange ground beetles
alongenvironmental gradients. Years 2001 and2002were theprimary variables separating assemblages
of ground beetles along the Þrst canonical axis. The second canonical axis further separated the 2000
assemblage of ground beetles. With the effects of year and Þeld removed, ground beetles were
classiÞed with respect to crop association and distance into the Þelds along axes 1 and 2 of a partial
canonical correspondence analysis. Based on this analysis, ground beetles occupying the Bt cornÞelds
were separated from those occupying soybean Þelds along the Þrst canonical axis. The second
canonical axis separated beetles occupying the Þeld borders from Þeld interiors. Ground beetles
ordinating near the center of the axes may represent habitat generalists, and because of their high
relativeabundances, continuous seasonal activity, predatorynature, andability tooccupyÞeldcenters,
they could assist in the biological control of agricultural pests.
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MOST GROUND BEETLES ARE generalist predators that
search for prey at the soil surface of agricultural Þelds
and adjacent habitats (Thiele 1977, Allen 1979, Luff
1987, Lövei and Sunderland 1996). Ground beetles
prey on agricultural pests and are important in con-
trolling pest populations in many agroecosystems
(Sunderland and Vickerman 1980, Scheller 1984,
Floate et al. 1990, Winder 1990, Ekbom et al. 1992,
Holopainen and Helenius 1992, Sunderland et al.
1995). The effectiveness of ground beetles in control-
ling pests varies among cropping systems and cultural
practices. There are many examples of ground beetle
abundance and diversity being affected by cropping
systems and pest management tactics (Rivard 1966,
French et al. 1998, Gurr et al. 1998, Landis et al. 2000,
Purvis and Fadl 2002). In the northern Great Plains of
the United States, ground beetle diversity and species

abundances were inßuenced more by crop rotations
than by tillage practices (Weiss et al. 1990, Ellsbury et
al. 1998). Also, to be effective in suppressing pest
populations, ground beetles must be able to inhabit
Þeld interiors (Wissinger 1997, Landis et al. 2000).
Since1996, corn(ZeamaysL.)expressing theCry1Ab

protein has been available to producers. This protein is
derived from the common soil bacterium, Bacillus thu-
ringiensis(Berliner;Bt),andtargets lepidopteranpestsof
corn suchas theEuropeancornborer (Ostrinia nubilalis
Hübner). Producers in South Dakota have readily
adopted this new corn into their typical cropping rota-
tion. So far, corn expressing the Cry1Ab protein has
shown little ecological effect on nontarget organisms
including carabids (Lozzia 1999, Cannon 2000, Hunter
2000,Wraight et al. 2000, Stanley-Horn et al. 2001,Wold
et al. 2001, Dale et al. 2002). However, long-term, large-
scale Þeld studies need to be conducted to determine
community level changes of carabid beetles because of
the deployment of the Cry1Ab protein (Cannon 2000,
Hunter 2000, Dale et al. 2002).
As generalist predators, ground beetles can play an

important role in keeping primary and secondary pest
populations below economic thresholds (Potts and
Vickerman 1974, Landis et al. 2000). Our objectives
were (1) to ascertain the general species composition
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of ground beetle assemblages in southeastern South
Dakota, (2) determine differences in species compo-
sition of ground beetles between crops in a Bt cornÐ
soybean (Glycine max Merrill) cropping system, (3)
describe the temporal structure of ground beetle as-
semblages in a Bt cornÐsoybean cropping system, and
(4) describe the spatial structure of ground beetle
assemblages in a Bt cornÐsoybean cropping system.

Materials and Methods

Study Area.This studywas conducted in 2000, 2001,
and 2002 in Brookings County, SD, on four Þelds of
rotated corn and soybean in Aurora Township (west
one-half of section 25, T110N, R49W). Two of the
Þelds were started in corn and the remaining two in
soybean. The Þelds ranged in size from 16.1 to 16.5 ha
(�200 by 800 m) and have been in a corn soybean
rotation for several years before the study. On the
north and south side of Þelds 1, 2, and 3, and on the
north side of Þeld 4, a single row (�6.5 m wide) of
Ponderosa pine trees, Pinus ponderosaLawson, served
as a windbreak. A 200 by 800-m Þeld in cornÐsoybean
rotationwas on the north side of Þeld 1, and amultiple
row windbreak (�30 by 800 m) was on the south side
of Þeld 4. Amultiple rowwindbreak (�200 by 230 m)
near thehouse(Fig. 1)borderedaportionof the south
side of Þeld 1 and the north side of Þeld 2. A grassy
fence-rowbordered the Þelds on the east, and a grassy
roadsideditchbordered theÞeldson thewest.The soil

type at the study site is Brandt silty clay loam (taxo-
nomicclass: Þne-silty,mixed, superactive, frigidCalcic
Hapludolls; see http://soils.usda.gov). In all 3 yr, the
corn planted expressed the Cry1Ab protein. Corn-
Þelds were planted each year between 19 April and 3
May. Soybean Þelds were planted each year between
15 and 30 May, and in 2002, glyphosate resistant soy-
beans were used. Each year, pre-emergence herbi-
cides were applied to cornÞelds and soybean Þelds
(Table 1). In 2002, the herbicides nicosulfuron �
rimsulfuron, mesotrione, and atrazinewere combined
and applied to cornÞelds as a tank mixture. Fertilizer
was also applied each year to cornÞelds but not to
soybean Þelds (Table 1).

Pitfall Traps. We established two east-to-west
transects �60Ð80 m from the south (A transects) and
north (B transects) boundaries along each of the four
Þelds. Fourteen pitfall traps were placed �60 m apart
in each transect to capture ground beetles (Fig. 1).
Trap design followed that of Morrill (1975) and con-
sisted of a 455-ml Solo cup (Concept Communica-
tions, Burr Ridge, IL) with a 145-mm i.d., a Solo Cozy
Cup funnel, and an inner 148-ml Solo cup partially
Þlled with propylene glycol as a preservative. Pitfall
traps were set in July of each year. We opened traps
for 48 h each week through September (August in
2000). This sampling period covered the peak activity
and most of the activity period for ground beetles in
this area (Kirk 1971.Groundbeetleswere identiÞed to
species following the nomenclature of Bousquet and

Fig. 1. Arrangement of Þelds and pitfall traps. Two east-to-west transects �60Ð80 m from the south (A transects) and
north (B transects) boundaries were established along each of the four Þelds. Traps were placed at �60-m intervals from
the borders. The borders represented an abrupt change in vegetation from crop to grass. Distance from border: D0 � 0 m,
D1 � 60 m, D2 � 120 m, D3 � 180 m, D4 � 240 m, D5 � 300 m, and D6 � 360 m.
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Larochelle (1993). Voucher specimens are housed at
the Northern Grain Insects Research Laboratory,
USDAÐARS, Brookings, SD.
We used pitfall traps for the study because they are

easy to install, effective for capturing Carabidae, and
work continuously (Halsall andWratten 1988). How-
ever, numbers generated from pitfall trap catches
alone do not provide estimates of absolute density;
rather, they provide estimates of activity densities,
which is a function of a species population size, ac-
tivity, and catchability (Greenslade 1964). However,
activity density or “relative abundance” may be more
important than absolute density in relation to biolog-
ical control of pests, because active predators may be
more likely to encounter prey than sedentary preda-
tors (Lenski 1982, Luff 1990). In addition, sampling
continuously over a period of weeks or months with
pitfall traps provides better data for estimating relative
abundance of species, and abundances of particular
species within a habitat for comparison of abundance
among years or seasons in that habitat (Baars 1979).
However, one must be cautious about interpreting
differences in relative abundances among habitats,
because species differ in catchability depending on
trap type and habitat (Luff 1975, Halsall and Wratten
1988, Morrill et al. 1990, Spence and Niemelä 1994).

Data Analysis. We used PROC MIXED (SAS Insti-
tute 1988) to test for differences in relative abundance
for each of nine predominant ground beetle species as
well as for all nine combined, giving a total of 10
separate analyses. Our variables included crop, dis-
tance, year, Þeld, rotation, and transect. Rotation in-
dicated the history of the Þelds during our 3-yr study
period (e.g., cornÐsoybeanÐcorn or soybeanÐcornÐ
soybean). Transects were classiÞed as either A or B.
We focused the analysis on differences in numbers
capturedby crop anddistance into theÞelds.Distance
was included as a categorical variable with levels D0,
D1, D2, D3, D4, D5, and D6. The levels D0ÐD6 refer
to the approximate distances into the Þelds (Fig. 1),
with D0 representing border traps, D1 � 60 m, D2 �
120m,D3� 180m,D4� 240m,D5� 300m, andD6�
360 m. In our model, random effects included year,
Þeld, rotation, and transect. Species relative abun-
dance data were transformed to square roots before
analysis. SigniÞcant differences among crops and dis-
tances were based on type 3 tests of Þxed effects.
Because our interest was to compare relative abun-
dance in border areas of the Þelds to their interiors, we

tested each distance D1ÐD7 against D0 using DunnettÕs
procedure, controlling for the experiment-wise type 1
errors (SAS Institute 1988).Moreover,wecontrolled for
the type 1 errors among all 10 analyses by making a
Bonferroni adjustment. If�50 individuals of a particular
species were captured, they were considered rare. No
statistical tests were performed on the rare species, ex-
cept that theywere included intotal trapcatchesandthe
canonical correspondence analyses.
The computer program CANOCO (ter Braak and

Šmilauer 1998) was used to perform canonical corre-
spondence analysis on species relative abundance
data. Canonical correspondence analysis is an ordina-
tion technique that relates species relative abun-
dances to environmental variables and is a robust
method for analyzing data from pitfall traps (Palmer
1993). The environmental variables in a canonical
correspondence analysis may include measured vari-
ables such as vegetation cover and temperature or
they may include “dummy” variables such as seasons
and habitats that represent temporal and spatial gra-
dients (ter Braak 1986, 1995, Palmer 1993, ter Braak
and Šmilauer 1998). Dummy variables, coded as 1 for
presence or 0 for absence, were used in this analysis.
We included the following 16 environmental vari-
ables: 2000, 2001, 2000, Þeld 1, Þeld 2, Þeld 3, Þeld 4,
corn, soybean, D0, D1, D2, D3, D4, D5, and D6 in the
initial analysis. We used the variables years and Þelds
in the analysis to account for variability in species
relative abundances. We used a partial canonical cor-
respondence analysis to focus on the effect of the
distance into theÞeldandcrop typeonspecies relative
abundance by using years and Þelds as co-variables,
thereby accounting for their effects before conduct-
ing the analysis. All relative abundance data were
transformed to square roots. We used Monte Carlo
randomization tests to examine the signiÞcance of
community patterns resulting from the canonical cor-
respondence analyses (ter Braak and Šmilauer 1998).

Results

Species Data. Over all 3 yr, 24,750 ground beetles
were captured, representing 57 species (Table 2). The
beetles captured ranged in size from �2 mm for Ela-
phropus anceps (LeConte) and Dyschirius globulosus
(Say) to�25mm forCalosoma calidum (F.),Harpalus
caliginosus (F.), and Scarites subterraneus (F.). Of the
57 species collected, three [Cyclotrachelus alternans

Table 1. Type and amounts of fertilizer (kg/ha) and herbicides (liter/ha) applied to the crops each year

Year
Corn Soybean

Fertilizer Herbicide Fertilizer Herbicide

2000 168 N, 27 K, 0 P Doubleplay 5.8 None Raptor 0.4
2001 112 N, 34 K, 0 P Doubleplay 5.6 None Raptor 0.4
2002 163 N, 12 K, 19 P Steadfast 0.06 None FirstRate 0.06

Callisto 0.11
Atrazine 0.6

Doubleplay, Eradicane (EPTC � safener) � Surpass (acetochlor); Raptor, imazamox; FirstRate, cloransulam; Steadfast, nicosulfuron �
rimsulfuron; Callisto, mesotrione.
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(Casey), Harpalus pensylvanicus (DeGeer), and
Pterostichus permundus (Say)] accounted for 81% of
all individuals captured (Table 2), and we consider
these to be the dominant species. Six other species,
[Bembidion quadrimaculatum Say, Brachinus ovipen-
nis LeConte, Calosoma calidum (F.), Cicindela punctu-
lata Olivier, Poecilus chalcites (Say), and P. lucublandus
(Say)], accounted foranadditional14%ofall individuals
captured(Table2),whichweconsideredtobeabundant
species. If we collected a total of 50Ð175 individuals of a
species, they were considered common. Rare species
accounted for 38 of the 57 captured, and 15 specieswere
captured only once (Table 2).
We found no signiÞcant interactions between crop

and distance for the total number of beetles captured,
each of the dominant species, or the six abundant
species captured. Across all species, although more
beetles were captured in the cornÞelds than in the
soybean Þelds, the difference was not signiÞcant (Ta-
ble 3). The three dominant species, C. alternans, H.
pensylvanicus, and P. permundus, also were captured
more often in the cornÞelds, but the differences were
not signiÞcant (Table 3). There were no signiÞcant
differences in numbers captured in cornÞelds and
soybean Þelds for the other species (B. quadrimacu-
latum, C. punctulata, P. chalcites, and P. lucublandus)
except for C. calidum, which was captured predomi-
nantly in soybean Þelds.
Over all species, we found signiÞcant differences in

the number of beetles captured with respect to dis-
tance into the Þelds of Bt corn and soybean from the
Þeld edges (F � 14.46, df� 6,300, P � 0.0001; Table 4).
The greatest numbers of ground beetles were cap-

tured at the Þeld borders. For each distance from 60
to 360m into the Þelds, the numbers captured differed
signiÞcantly from thenumbers captured in theborder.
Similarly, there also were signiÞcant differences in
numbers captured for each of the three dominant
species,C. alternans (F � 7.10, df� 6,300, P � 0.0001),
H. pensylvanicus (F � 3.84, df� 6,300,P � 0.0011), and
P. permundus (F � 6.63, df � 6,300, P � 0.0001),
because they each were captured most often near the
Þeld borders (Table 4). There were, however, sub-
stantial numbers of all three species captured at each
distance into the Þelds. Of the six abundant species,
only C. punctulata (F � 5.06, df � 6,300, P � 0.0001)
and P. chalcites (F � 3.24, df � 6,300, P � 0.0043)
showed signiÞcant differences in numbers captured
with respect to distance from the borders. However,
these species also were captured in substantial numbers
at each distance into the Þelds. Indeed, a multiple com-
parison test for P. chalcites indicated no signiÞcant dif-
ferenceswithrespect todistance fromtheborder(Table
4). There were no signiÞcant differences in numbers
captured with respect to distance for B. quadrimacula-
tum, B. ovipennis, C. calidum, and P. lucublandus.

Multivariate Analysis. The eigenvalues of the ca-
nonical correspondence analysis measure the propor-
tion of total variation in ground beetle relative abun-
dance explained by each respective axis (ter Braak
1986, 1995, ter Braak and Šmilauer 1998). The eigen-
values, based on species relative abundances, for axes
1Ð4 were 0.101, 0.070, 0.048, and 0.024. Axis 1 ac-
counted for 31.5% of the speciesÐenvironment rela-
tionship, and togetherwith axis 2, accounted for 53.3%
of the speciesÐenvironment relationship. Axes 1Ð4

Table 2. Number and percentage of beetles captured for each species and abbreviations of species depicted in biplots of canonical
correspondence analyses

Abbreviations Species No. Percentage Abbreviations Species No. Percentage

Acp Acupalpus pauperculus Dejean 3 �0.1 Cip Cicindela punctulata Olivier 942 3.8
Agc Agonum cupripenne (Say) 12 �0.1 Cir C. repanda Dejean 1 �0.1
Agp A. placidum (Say) 91 0.4 Clb Clivina bipustulata (F.) 30 0.1
Ama Amara angustata (Say) 1 �0.1 Cli C. impressefrons LeConte 5 �0.1
Amc A. carinata (LeConte) 91 0.4 Cya Cyclotrachelus alternans (Casey) 8,949 36.2
Ame A. exarata Dejean 4 �0.1 Cyp Cymindis pilosus Say 2 �0.1
Ami A. impuncticollis (Say) 1 �0.1 Dip Discoderus parallelus (Haldeman) 3 �0.1
Aml A. latior (Kirby) 2 �0.1 Dyg Dyschirius globulosus (Say) 2 �0.1
Ali A. littoralis Mannerheim 1 �0.1 Ela Elaphropus anceps (LeConte) 96 0.4
Amo A. obesa (Say) 33 0.1 Gaj Galerita janus (F.) 2 �0.1
Anh Anisodactylus harrisii LeConte 1 �0.1 Hac Harpalus caliginosus (F.) 60 0.2
Anr A. rusticus (Say) 36 0.1 Hac H. erraticus Say 103 0.4
Ans A. sanctaecrucis (F.) 5 �0.1 Haf H. faunus Say 3 �0.1
Ban Badister notatus Haldeman 1 �0.1 Hah H. herbivagus Say 55 0.2
Bem Bembidion mimus Hayward 3 �0.1 Hao H. opacipennis (Haldeman) 1 �0.1
Beq B. quadrimaculatum Say 891 3.6 Hap H. pensylvanicus (DeGeer) 6,583 26.6
Ber B. rapidum (LeConte) 22 �0.1 Hav H. ventralis LeConte 10 �0.1
Brj Brachinus janthinipennis (Dejean) 1 �0.1 Min Microlestes nigrinus (Mannerheim) 159 0.6
Bro B. ovipennis LeConte 244 1.0 Poc Poecilus chalcites (Say) 425 1.7
Brq B. quadripennis Dejean 2 �0.1 Pol P. lucublandus (Say) 937 3.8
Cag Calathus gregarius (Say) 99 0.4 Por Polyderis rufotestacea (Hayward) 2 �0.1
Cac Calosoma calidum (F.) 186 0.8 Ptc Pterostichus coracinus (Newman) 1 �0.1
Cao C. obsoletum Say 1 �0.1 Ptf P. femoralis (Kirby) 11 �0.1
Cas Carabus serratus Say 1 �0.1 Ptm P. melanarius (Illiger) 3 �0.1
Che Chlaenius emarginatus Say 1 �0.1 Ptp P. permundus (Say) 4,450 18.0
Chp C. platyderus Chaudoir 53 0.2 Scs Scarites subterraneus F. 101 0.4
Chs C. sericeus (Forster) 9 �0.1 Stc Stenolophus comma (F.) 1 �0.1
Cht C. tomentosus (Say) 6 �0.1 Syi Synuchus impuctatus (Say) 1 �0.1
Ctr C. tricolor Dejean 1 �0.1

June 2004 FRENCH ET AL.: GROUND BEETLES IN AGROECOSYSTEMS 557



accounted for 76.0% of the total speciesÐenvironment
relationship. A biplot of the most important environ-
mental variables and species scores illustrates that axis
1 represents an annual gradient (Fig. 2). The 3 dom-
inant, 6 abundant, and 10 common species are de-
picted in bold. Species names and abbreviations are
given in Table 1. Environmental variables are repre-
sented by arrows, and a relatively long arrow posi-
tioned close to an axis indicates a strong relationship
with that axis (ter Braak 1986, Palmer 1993), such as
years 2001 and 2002 with axis 1 (Fig. 2). Ground
beetles positioned close to the arrows have a strong
association with that variable, such as C. calidum
(Cac) and year 2001, whereas ground beetles occur-
ring near the origin of the axes represent perennial
species that were captured in relatively similar num-
bers over all 3 yr [e.g.,C. alternans (Cya),C. gregarius
(Cag),C. platyderus (Chp), and P. permundus (Ptp)].
Beetle assemblages that predominate in 2001 had pos-
itive values on axis 1 and ordinated to the right of axis
2. Beetle assemblages that predominate in 2002 had
negative values on axis 1 and ordinated to the left of
axis 2. The ground beetle assemblage associated with
2000 had positive values on axis 2 and ordinated above
axis 1. The observed patterns for ground beetles with
environmental variables were signiÞcantly different
from random (Monte Carlo test statistic � 3.25, P �
0.005) (ter Braak and Šmilauer 1998).

Partial canonical correspondence analysis was used
to depict the effects of crop types and distance from
Þeld borders on patterns of species relative abun-
dance. In this partial analysis, the effects on species
composition of years and Þelds were factored out as
covariables. The eigenvalues for axes 1Ð4 were 0.049,
0.039, 0.011, and0.006.Again, these valuesmeasure the
amount of variation in species scores explained by
their respective axes, with axis 1 explainingmore vari-
ation in species scores than axes 2 or 3.Of the variation
in species composition remaining after factoring out
the covariables, axis 1 accounted for 40.6% of the
speciesÐenvironment relationship, and together with
axis 2, accounted for 73.5% of the speciesÐenviron-
ment relationship. A biplot of the environmental vari-
ables and species scores reveal that crop types is
closely associated with axis 1 (Fig. 3). The second axis
separated groundbeetle species occupyingÞeld edges
from those occupying Þeld interiors. Ground beetles
occurring near the origin of the axes may represent
habitat generalists [e.g.,B. quadrimaculatum (Beq),B.
ovipennis (Bro), C. punctulata (Cip), C. alternans
(Cya), and E. anceps (Ela)], whereas species occur-
ring far from the origin represent crop or edge spe-
cialists [e.g., M. nigrinus (Min), and H. erraticus
(Hae)]. Species associatedwith soybeansordinated in
the positive space of axis 1 and ordinated to the right
of axis 2 [e.g., C. calidum (Cac)], whereas species

Table 3. Least square mean � SE relative abundances per trap (n � 168 for each crop over all 3 yr) for species of ground beetles
captured during 2000–2002 in fields of soybean and Bt corn

Species
Crop ANOVA

Corn Soybean F df P

All species 78.36 � 37.05 68.90 � 37.05 0.50 1,5.37 0.511
B. quadrimaculatum 2.72 � 0.74 2.58 � 0.74 0.04 1,5.22 0.854
B. ovipennis 0.58 � 0.27 0.87 � 0.27 1.10 1,8 0.325
C. calidum 0.13 � 0.33 0.99 � 0.33 16.88 1,5.61 �0.01
C. punctulata 2.80 � 1.70 2.80 � 1.70 0.21 1,6.46 0.664
C. alternans 30.47 � 15.57 22.80 � 15.57 2.62 1,5.1 0.165
H. pensylvanicus 20.40 � 14.15 18.79 � 14.15 2.66 1,5.31 0.160
P. chalcites 1.17 � 0.66 1.39 � 0.66 1.09 1,5.79 0.338
P. lucublandus 2.74 � 0.88 2.84 � 0.88 3.31 1,4.39 0.137
P. permundus 14.92 � 6.58 11.57 � 6.58 0.38 1,5.66 0.563

Table 4. Least square mean � SE relative abundances per distance from field borders (n � 48 traps for each distance over all 3 yrs)
for species of ground beetles captured during 2000–2002 in fields of soybean and Bt corn

Species
Approximate distance from Þeld border (m)

0 60 120 180 240 300 360

All species 105.87 � 36.00a 75.42 � 36.00b 65.73 � 36.00b 61.54 � 36.00b 66.29 � 36.00b 70.38 � 36.00b 70.19 � 36.00b
B. quad 3.06 � 0.76a 2.33 � 0.76a 2.40 � 0.76a 2.88 � 0.76a 2.54 � 0.76a 2.81 � 0.76a 2.54 � 0.76a
B. ovipennis 0.98 � 0.28a 0.60 � 0.28a 0.54 � 0.28a 0.50 � 0.28a 0.75 � 0.28a 0.75 � 0.28a 0.96 � 0.28a
C. calidum 0.44 � 0.35a 0.46 � 0.35a 0.63 � 0.35a 0.60 � 0.35a 0.38 � 0.35a 0.77 � 0.35a 0.60 � 0.35a
C. punctulata 5.60 � 1.51a 3.23 � 1.51b 2.52 � 1.51b 1.98 � 1.51b 1.92 � 1.51b 2.48 � 1.51b 1.90 � 1.51b
C. alternans 37.00 � 15.26a 30.27 � 15.26b 24.54 � 15.26b 21.60 � 15.26b 24.04 � 15.26b 24.71 � 15.26b 24.27 � 15.26b
H. pen 25.15 � 13.64a 19.08 � 13.64b 16.67 � 13.64b 17.23 � 13.64b 18.31 � 13.64b 19.56 � 13.64b 21.15 � 13.64b
P. chalcites 1.73 � 0.70a 2.00 � 0.70a 1.77 � 0.70a 1.10 � 0.70a 0.69 � 0.70b 0.69 � 0.70b 0.88 � 0.70a
P. lucublandus 3.85 � 0.95a 2.58 � 0.95a 2.54 � 0.95a 2.06 � 0.95a 2.75 � 0.95a 2.60 � 0.95a 3.13 � 0.95a
P. permundus 20.02 � 6.36a 11.92 � 6.36b 12.00 � 6.36b 11.08 � 6.36b 11.58 � 6.36b 13.94 � 6.36b 12.17 � 6.36b

Mean comparisons were tested against D0 using t-tests with Dunnett adjustments for type 1 errors; experiment-wise error rate set at � �
0.05

B. quad, Bembidion quadrimaculatum; H. pen, Harpalus pensylvanicus.
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associated with corn ordinated in the negative space
of axis 1 and ordinated to the left of axis 2 [e.g., H.
pensylvanicus (Hap)]. Species of ground beetles as-
sociated with Þeld edges of both cornÞelds and soy-
bean Þelds ordinated in the positive space of axis 2
[e.g.,C. gregarius (Cag)]. Increasing distance from 60
to 360 m had little effect on ground beetle assem-
blages. The observed patterns for ground beetles with
environmental variables were signiÞcantly different
from random (Monte Carlo test statistic � 2.09, P �
0.005) (ter Braak and Šmilauer 1998).

Discussion

It is typical for a few species to dominate ground
beetle assemblages in terms of relative abundance and

to vary in numbers over space and time (Thiele 1977,
Luff 2002). In this study, 3 species, C. alternans, H.
pensylvanicus, and P. permundus (5.3%), of the 57
species collected accounted for 81% of all ground
beetles captured. Six other species accounted for an
additional 14%. Other studies also have found that a
few species dominate the ground beetle fauna in agro-
ecosystems (Kirk 1971, Barney and Pass 1986, Laub
and Luna 1992, Tonhasca 1993, Cárcamo 1995, Ells-
bury et al. 1998, French et al. 1998, French and Elliott
1999a, b). Although numbers captured differed from
our study, the dominant and common species cap-
tured by Kirk (1971) and Ellsbury et al. (1998) in
SouthDakota were similar to thosewe captured. Both
studies reported C. alternans as a dominant or most
commonly found species. In contrast, Ellsbury et al.

Fig. 2. Biplot of ground beetle relative abundances and most important environmental variables from the canonical
correspondence analysis. The abbreviations of species names are plotted, and complete names are listed in Table 2. The 19
dominant, abundant, and common species are shown in bold. Arrows represent environmental variables.
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(1998) reported P. permundus as the Þfth most abun-
dant species, representing 3.1%of total catch,whereas
Kirk (1971) reported rarely catching P. permundus. In
our study, P. permundus accounted for 18% of total
numbers captured. Kirk (1971) also reported Pasima-
chus elongatus LeConte as the most commonly found
species; however, we did not catch a single individual
of this species. It is unlikely that trap type affected the
catchability of P. elongatus in our study because an
identical trap type captured many P. elongatus in a
study by French et al. 1998. Harpalus pensylvanicus is
a wide-ranging species that has dominated catches in
Ontario (Rivard 1964, 1966), Iowa (Esau and Peters
1975), Arkansas (Allen and Thompson 1977), North
Carolina (Lesiewicz et al. 1983),NorthDakota (Weiss
et al. 1990), Georgia (Morrill 1992), Michigan (Clark
et al. 1997), and Oklahoma (French et al. 1998, 2001,
French and Elliott 1999a, b). The wide geographic

range and dominance of H. pensylvanicus may be due
in part to its omnivorous diet, which includes seeds
and other insects (Kirk 1972, 1973, Best and Beegle
1977, Tyler and Ellis 1979, Shelton and Edwards 1983,
Tooley and Brust 2002).
Across all species, ground beetles were captured

equally in Bt cornÞelds and soybean Þelds. Similarly,
considering the threedominant species, equal number
of individuals of C. alternans, H. pensylvanicus, and P.
permundus were captured in cornÞelds and soybean
Þelds. For our study, this suggests that therewere little
differences between cornÞelds and soybean Þelds in
factors such as relative humidity, soil moisture, tem-
perature, and prey availability, affecting their distri-
bution and relative abundances. As in our study, Ells-
bury et al. (1998) found C. alternans and H.
pensylvanicus to be dominant species in a corn/soy-
bean cropping system. H. pensylvanicus also has been

Fig. 3. Biplot of ground beetle relative abundances and environmental variables from a partial canonical correspondence
analysis. The abbreviations of species names are plotted and complete names are listed inTable 2. The 19 dominant, abundant,
and common species are shown in bold. Arrows represent environmental variables.
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reported to be a dominant species in soybean Þelds
(House and All 1981, Wiedenmann et al. 1992) and
cornÞelds (Esau and Peters 1975, Best et al. 1981). In
contrast, among the abundant species captured in our
study, onlyC. calidumwascaptured inhighernumbers
in soybean Þelds than in cornÞelds. The factors de-
termining habitat preference for C. calidum are un-
known but may be due in part to differences in prey
availability between cornÞelds and soybeanÞelds. For
example, C. calidum belongs to a genus commonly
called “caterpillar hunters” because they tend to prey
on lepidopteran larvae (Thiele 1977, Toft and Bilde
2002), and because the Cry3A1 toxin targets lepidop-
terans, subsequent reduction in lepidopteran larvae
may cause Calosoma species to seek prey elsewhere,
such as soybean Þelds or other habitats. Crop type had
no impact on B. quadrimaculatum, C. punctulata, P.
chalcites, and P. lucublandus because they were cap-
tured equally in the cornÞelds and soybean Þelds.
For groundbeetles tobeeffectivebiological control

agents against agricultural pests, they must be able to
occupy the center of the arable Þelds (Wissinger 1997,
Landis et al. 2000). The highest number of beetles
captured occurred at the Þeld borders; however, cor-
respondent numbers of beetleswere captured from60
to 360 m into the Þelds. The three dominant species,
C. alternans, H. pensylvanicus, and P. permundus, also
were captured most frequently at the Þeld borders;
however, they too were captured in substantial num-
bers at Þeld centers. In Iowa, both Esau and Peters
(1975) and Best et al. (1981) found H. pensylvanicus
predominantly in Þeld edges, but they also captured
many within cornÞelds. French and Elliott (1999a, b)
captured H. pensylvanicus most often in natural hab-
itats and their borders rather than in wheat Þelds. B.
quadrimaculatum, B. ovipennis, P. chalcites, and P. lu-
cublandus were captured equally throughout the
Þelds, and because they were captured equally in the
cropÞelds, probably representhabitat generalists.The
distribution of P. chalcites varied only slightly from the
borders into the Þeld centers. In contrast to H. pen-
sylvanicus, French and Elliott (1999a, b) captured P.
chalcitesmost often inwheat Þeld interiors rather than
in natural habitats and Þeld borders. French and El-
liott regarded P. chalcites as a synanthropic species,
meaning it shares a close association with human ac-
tivities and has probably beneÞted from agriculture in
general (Spence and Spence 1988). C. calidum also
werecapturedequally throughout theÞelds; however,
again they were more abundant in soybean Þelds. C.
punctulata varied in numbers captured from the Þeld
borders to Þeld centers. The distribution ofC. punctu-
lata was similar to the dominant species in that they
were captured most often at the borders, yet substan-
tial numbers were collected within Þeld interiors. Al-
thoughwemeasureddistances into theÞelds fromeast
to west, given the shape of the Þelds and location of
transects, beetles may had only dispersed �60Ð80 m
from thewindbreak edges. This could have accounted
for some of the similarities in beetle catches from 60
to 360 m into the Þelds.

Annual variation in the relative abundance and oc-
currence of ground beetle species can be expected in
both temporary and permanent habitats (den Boer
1986, Luff 1990, 2002). French and Elliott (1999a)
showed that annual captures were important separa-
tors of ground beetle assemblages, second only to
season of occurrence. In our study, the canonical cor-
respondence analysis showed that axes 1 and 2 sepa-
rated beetle assemblages based on years captured.
Axis 1 separated beetle assemblages based on years
2001 and 2002 and axis 2 on year 2000. We sampled
beetles only throughAugust during 2000 andprobably
missed some important autumn breeding species and
trap catches such as H. pensylvanicus. This is also
depicted on axis 1, where H. pensylvanicus (Hap)
ordinated directly on this axis and toward year 2002.
Note also in our study that the two other dominant
species (Cya and Ptp) ordinated near the axes origins,
indicating theevenness of their relative abundances in
all 3 yr. Ground beetle species closely associated with
particular years ordinated near the respective envi-
ronmental arrow (e.g., Cac and 2001, Chp and 2002).
Whenwe factored out the effects of years and Þelds

as co-variables, cropping system was the primary en-
vironmental factor separating ground beetle assem-
blages, as indicated along axis 1. Other studies have
shown cropping systems and management to be im-
portant environmental factors affecting ground beetle
assemblages (Sanderson 1994, Purvis et al. 2001, Luff
2002). The Þeld border was another important loca-
tion for capturing ground beetles, as indicated by
those species associated with axis 2. Also, based on
partial canonical correspondenceanalysis, Frenchand
Elliott (1999a, b) and French et al. (2001) were able
to classify ground beetles as habitat edge or interior
species. For example, in their study, H. pensylvanicus
ordinatednear theaxescentersof thepartial canonical
correspondence analyses, indicating a habitat generalist.
In our study, H. pensylvanicus also ordinated near the
axes center, indicating a habitat generalist, but with a
slight tendency toward cornÞelds. Also in our study,
ground beetle species closely associated with particular
environmental variables (crop type and distance) ordi-
nated near the respective arrow (e.g., Cac and Soybean,
andHaeandD0/border).Notealso in this study that the
three dominant species of ground beetles (Cya, Pol, and
Ptp) and many of the common species ordinated near
the axes origins, indicating the evenness of their relative
abundances over both crops and distances.
A small number of species accounted for a large

portion of all ground beetles captured in all years and
crops.C. alternans, H. pensylvanicus, and P. permundus
wereconsistently captured in relativelyhighnumbers,
and along with several other species, were captured
throughout the cornÞelds and soybean Þelds. Ground
beetle assemblages were separated primarily by year
and then by crop. The three dominant species and
most of the abundant species ordinated near the axes
origins, indicating stability over time and ability to
occupy multiple habitats. Many species ordinated
near Þeld borders and probably represent edge spe-
cies. It is not clear whether the abundant species
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spend their entire life cycle within the cornÞelds and
soybean Þelds or overwinter in the Þeld edges and
disperse into the cornÞelds and soybean Þelds with
time. However, their high relative abundances, con-
tinuous seasonal activity, predatory nature, and ability
to occupy Þeld centers make these carabid beetles
good candidates for biological control of primary and
secondary agricultural pests.
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